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a  b  s  t  r  a  c  t
Among  23 extracts  of medicinal  and  edible  plants  tested,  Mauritia  ﬂexuosa  L.f., Arecaceae,  showed  sig-
niﬁcant  antioxidant  ability  (DPPH  and  ORAC  =  1062.9  and  645.9  ±  51.4 g TE/mg  extract,  respectively),
while  Annona  montana  Macfad.,  Annonaceae,  demonstrated  the  most  promising  anti-proliferative  effect
(IC50 for  Hep-G2  and  HT-29 = 2.7 and  9.0  g/ml,  respectively).  However,  combinatory  antioxidant/anti-
proliferative  effect  was  only  detected  in Oenocarpus  bataua  Mart.,  Arecaceae  (DPPH  = 903.8  and
ORAC  = 1024  g TE/mg  extract;  IC50 for Hep-G2  and  HT-29  at 102.6  and  38.8  g/ml, respectively)  and




29  at  36.3  and  57.9  g/ml,  respectively).  Phenolic  content  was  positively  correlated  with  antioxidant
potential,  however  not  with  anti-proliferative  effect.  None  of  these  extracts  possessed  toxicity  towards
normal  foetal  lung  cells,  suggesting  their  possible  use  in  development  of  novel  plant-based  agents  with
preventive  and/or  therapeutic  action  against  oxidative  stress-related  diseases.
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It is widely accepted that oxidative stress is involved in the
evelopment and/or secondary pathology of various human dis-
ases (Halliwell and Gutteridge, 2007). Several studies show
vidence that regular consumption of plant foods is associated with
owered risk of incidence of these (Alasalvar and Shahidi, 2013). It is
elieved that health beneﬁcial effect of plants foodstuffs can mainly
e credited to number of phenolic compounds and their ability
o promote antioxidant effect (Brewer, 2011). Currently, antioxi-
ant activity is primarily examined in common food plants such as
ruits and vegetables. However, recent studies indicate that other
lant categories, such as medicinal plants, also possess signiﬁcant
ntioxidant efﬁcacy (Jaberian et al., 2013).
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Previously it was proposed that progression of cancer is strongly
related to oxidative stress. Thus, validation of antioxidant effect
of tested plant material is nowadays routinely supplemented with
analysis of anti-proliferative activity against various types of car-
cinoma cell lines (Loizzo et al., 2014; da Costa et al., 2015). In case
of phenylpropanoids, the compounds toxic to normal cells (e.g.
podophyllotoxin) may  be responsible for this anti-carcinomatous
effect (Dewick, 2009). However, more recent studies are showing
that dietary phenolics (e.g. ﬂavonoids) may  exert anti-proliferative
effect as well (Ferry et al., 1996; Anter et al., 2011). Despite the
fact that medicinal plants are regarded as the main sources of anti-
neoplastic agents, there is now an increased interest in research of
edible plants’ anti-proliferative effects (De la Rosa et al., 2014).
Even though plants are generally considered as very important
factor for maintaining food and health security (mainly in third
world countries), health-promoting properties of majority of these
plants have not been properly veriﬁed via modern scientiﬁc meth-
ods. Despite the well-documented traditional use of plants from
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hat region for treatment of diseases related to oxidative stress such
s cancer, diabetes, cardiovascular, inﬂammatory and neurodegen-
rative diseases (Duke and Vásquez, 1994; Duke et al., 2009), to our
est knowledge, only a very small proportion of edible and medic-
nal plants from the Peruvian Amazon have ever been assessed for
heir combinatory antioxidant/anti-proliferative properties (Neri-
uma et al., 2013). In addition, for a majority of these plants, the
hytochemical proﬁle was never fully characterized (Newman and
ragg, 2012).
Proceeding from these facts, this study provides detailed infor-
ation on in vitro antioxidant and anti-proliferative potential of 23
ethanol extracts from twelve Peruvian medicinal and edible plant
pecies which were additionally analyzed by UHPLC-MS/MS with
he aim to determine the relationship between biological activity
nd phenolic compound content.
aterials and methods
lant material
Selection of plant material was based on previously reported
ata on traditional use for treatment of diseases likely to be asso-
iated with oxidative stress (Table 1). Plants were collected from
arms in areas surrounding Pucallpa city in the Peruvian Ama-
on, between March and June 2013. Voucher specimens were
uthenticated by Ymber Bendezu Flores and deposited at herbar-
um of IVITA-Pucallpa, Universidad Nacional Mayor de San Marcos
UNMSM).
ample preparation
Fresh plant samples were frozen and lyophilized in Free-
one 1 freeze dry system (Labconco, Kansas City, USA). Samples
ere ﬁnely grounded in IKA A 11 electric mill (IKA Werke
MBH&Co.KG, Staufen, Germany). Subsequently, 2 g of plant mate-
ial were extracted in a Soxhlet-like IKA 50 extractor (IKA Werke
MBH&Co.KG, Staufen, Germany) in 70% ethanol in a 1/20 (w/v)
roportion during three 7-min cycles at 130 ◦C followed by cool-
ng to 50 ◦C. Extracts were subsequently ﬁltered through a Teﬂon
PTFE) syringe ﬁlter (17 × 0.45 mm)  and evaporated to dryness
sing a rotary evaporator R-3000 (Büchi, Flawil, Switzerland)
n vacuo at 40 ◦C. Dry residues were dissolved in 80% methanol
o create 50 mg/ml  stock solutions and subsequently stored at
20 ◦C. Extracts for UHPLC–MS/MS analysis were evaporated to
ryness and re-dissolved at a concentration of 0.4 g dry weight
er ml.
hemicals and reagents
The following chemicals and reagents, purchased from
igma–Aldrich (Prague, Czech Republic), were used in this study:
,2′-azobis(2-methylpropionamidine) dihydrochloride (AAPH),
,2-diphenyl-1-picrylhydrazyl (DPPH), thiazolyl blue tetrazolium
romide (MTT), 6-hydroxy-2,5,7,8-tetramethylchromane-2-
arboxylic acid (Trolox), Dulbecco’s modiﬁed Eagle’s medium
DMEM), Eagle’s minimum essential medium (EMEM), ﬂuo-
escein (FL), Folin-Ciocalteu reagent, Griess reagent and
enicillin–streptomycin solution. Analytical standards (given
n Table 2) were purchased from Indoﬁne Chemical Company
Hillsborough, USA) or Sigma–Aldrich. Formic acid, methanol and
ater of HPLC-grade were purchased from Merck (Darmstadt,
ermany); ethanol and dimethyl sulfoxide (DMSO) from Penta
Prague, Czech Republic).rmacognosia 26 (2016) 728–737 729
Cell culture
Liver carcinoma cell line Hep-G2 and normal foetal lung cells
MRC-5 (ATCC, Rockville, USA) were maintained in EMEM supple-
mented with foetal bovine serum (10%), penicillin–streptomycin
solution (1%), non-essential amino acids (1%) and glutamine (4 mM
and 2 mM for Hep-G2 and MRC-5, respectively). Colon carci-
noma cell line HT-29 (ATCC, Rockville, USA) was maintained in
DMEM solution and otherwise were treated identically as Hep-
G2 and MRC-5. Cultures were incubated in 5% CO2 atmosphere at
37 ◦C using MCO  170AIC-PE CO2 incubator (Panasonic Corporation,
Osaka, Japan).
In vitro antioxidant activity
DPPH radical-scavenging assay
Slightly modiﬁed method described by Sharma and Bhat (2009)
was used for evaluation of samples’ ability to inhibit DPPH radi-
cal. Concentrations and volumes of samples, standard and reagent
were adjusted in order to be used in a microplate format. Two-
fold serial dilution of each sample (ﬁnal concentration range:
1.25–5120 g/ml) was prepared in absolute methanol (175 l) in
96-well microtiter plates. Subsequently, 25 l of freshly prepared
1 mM DPPH in methanol was added to each well in order to start the
radical-antioxidant reaction. Mixture was  kept in the dark at room
temperature for 30 min. Absorbance was  measured at 517 nm using
Inﬁnite 200 reader (Tecan, Männedorf, Switzerland). Trolox (at con-
centrations 0.5, 1, 2, 4, 8, 16, 32, 64, 128, 254 and 512 g/ml) was
used as a positive control and methanol as a blank. Results were
expressed as Trolox equivalents (g TE/mg extract).
Oxygen radical absorbance capacity (ORAC) assay
Adjusted ORAC method was used for determination of sam-
ples’ ability to protect FL from AAPH-induced damage (Cao and
Prior, 1998; Ou et al., 2001). Outer wells of black absorbance 96-
wellmicrotiter plates were ﬁlled with 200 l of distilled water, in
order to provide better thermal mass stability, as suggested by Held
(2005). Stock solutions of AAPH radical (153 mM)  and FL (540 M)
were prepared in 75 mM phosphate buffer (pH 7.0). Afterwards,
25 l of each sample at ﬁnal concentration range of 6.4–32 g/ml
were diluted in 150 l FL (54 nM)  and incubated at 37 ◦C for 10 min.
Reaction was  started by adding 25 l AAPH Standard calibration
curves of positive control Trolox were acquired at ﬁve concentra-
tion levels (0.5, 1, 2, 4, 8 g/ml). The 75 mM phosphate buffer was
used as a blank. Fluorescence changes were measured in 1-min
intervals for 120 min  using an Inﬁnite 200 reader with emission and
absorbance wavelengths set at 494 nm and 518 nm,  respectively.
Results were expressed as Trolox equivalents (g TE/mg extract).
Total phenolic content (TPC)
TPC was measured using the method developed by Singleton
et al. (1998). Firstly, each sample (diluted in water; ﬁnal concen-
tration ranging from 16 to 80 g/ml) with a volume of 100 l was
added to 96-well microtiter plates. Thereafter, 25 l of pure Folin-
Ciocalteu reagent was added. Plate was  inserted in an orbital shaker
at 40 rpm for 10 min. Reaction was  started by adding 75 l of 12%
Na2CO3 (w/v). Mixture was  kept in dark at 37 ◦C for 2 h. Absorbance
was measured at 700 nm (Inﬁnite 200 reader). Nine concentration
levels of gallic acid (0.25, 0.5, 1, 2, 4, 8, 16, 32, 64 g/ml) were used
to create the standard calibration curve. Results were expressed as
gallic acid equivalents (g GAE/mg extract).Cell viability assay
Modiﬁed method based on metabolization of MTT  to blue form-
azan by mitochondrial dehydrogenases in living cells previously
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Table  1















Lecythidaceae Castan˜a Leaf Infusion/decoction Cancer (Duke et al., 2009)
Bunchosia armeniaca
(Cav.) DC. [LB0044]
Malpighiaceae Ciruela (china) Seed, pericarp Fruit eaten fresh or in
processed form
n/ac (Lim, 2012)
Genipa  americana L.
[LB0032]
Rubiaceae Huito, Lana Whole fruit Fruit eaten fresh or in
processed form
Cancer (Duke et al., 2009)
Inga  edulis Mart.
[LB0013]
Fabaceae Guaba Leaf, pericarp,
aril, seed
Pulp eaten fresh or
used for ﬂavouring;








Processed into juices Neurodegenerative
diseases
(Duke et al., 2009)
Myrciaria dubia (Kunth)
McVaugh [LB0095]
Myrtaceae Camu camu Leaf, pericarp Processed into juices;
leaves used as infusion
Neurodegenerative
diseases
(Duke et al., 2009)
Oenocarpus bataua
Mart. [LB0123]






Solanaceae Cocona Whole fruit Fruit eaten fresh or
cooked
















Malvaceae Cacao Leaf, pericarp,
aril + seed
Pulp is eaten fresh,
seeds are consumed










Malvaceae Copoazú Leaf, pericarp, aril Pulp is eaten fresh,
seeds are consumed




































tOnly diseases or conditions likely to be associated to oxidative stress are record
c To our best knowledge, documentation on traditional use as remedy in the Ama
d References are related to plant parts tested in this study.
escribed by Mosmann (1983) was used to test cell viability. Cells
ere pre-incubated (24 h) in a 96-well plate at a density of 2.5 × 103
ells per well and afterwards treated with two-fold serial dilutions
f plant extracts in range of 0.24–500 g/ml for 72 h. After addition
f MTT  reagent (1 mg/ml) in EMEM or DMEM solution, plates were
ncubated for an additional 2 h. Media were then removed, and the
ntracellular formazan product was dissolved in 100 l of DMSO.
bsorbance was measured at 555 nm (Inﬁnite 200 reader) and per-
entage of viability calculated when compared to untreated control.
esults were expressed as 50% inhibitory concentration (IC50) in
g/ml.
haracterization of phenolic compounds by UHPLC-MS/MS
UHPLC-MS/MS analysis of 30 phenolic acids, ﬂavonoids and
elated compounds was carried out using modiﬁed method pre-
iously described by Miksatkova et al. (2014). Instrument was
omposed of Agilent 1290 Inﬁnity instrument (Agilent, Santa
lara, USA) equipped with a binary pump (G4220B), autosampler
G4226A), autosampler thermostat (G1330B), column compart-
ent thermostat (G1316C), coupled to an Agilent triple quadrupole
ass spectrometer (6460A) with a Jet Stream ESI ion source. A Kine-
ex PFP column (2.6 m,  100 A, 150.0 × 3.0 mm)  from Phenomenex
Torrance, USA) was used for the chromatographic separation of
xtracts. Column temperature was set at 35 ◦C and injection volume
t 3 l. Gradient elution was carried out employing mobile phase A
10 mM formic acid) and B (100% methanol) as follows: 0 min, 60:40
A:B); 10 min, 0:100; 14 min, 0:100; 15 min, 60:40, 19 min, 60:40
o reach starting conditions. Flow rate was set at 0.3 ml/min. The
S/MS  apparatus was operating in positive and negative mode in
he same analysis. Conditions of Jet Stream Ion Source were: dryingegion is not available.
gas temperature 290 ◦C; drying gas ﬂow 4 l/min; sheath gas temper-
ature 380 ◦C; sheath gas ﬂow 10 l/min; nebulizer pressure 35 psi;
nozzle voltage 2.0 kV and 1.8 kV; and capillary voltage was  set at 3.5
and 5.0 kV in positive and negative acquisitions, respectively. Nitro-
gen was used as collision gas. Multiple reaction monitoring (MRM)
mode was  used for the detection. Peak areas of standards (eleven
concentration levels ranging from 0.1 to 1000 ng/ml – i.e.  0.1, 0.5, 1,
2.5, 5, 10, 25, 50, 100, 500 and 1000 ng/ml) were plotted against the
corresponding response using weighed linear regression to gener-
ate calibration curves. Speciﬁc parameters of MS/MS  method are
given in Table 2. Agilent Mass Hunter (Agilent, Santa Clara, USA)
was used for data acquisition and quantiﬁcation of samples.
Statistical analysis
All in vitro assays were performed in three separated exper-
iments, each in duplicate. UHPLC–MS/MS data were acquired in
two separate experimental measurements. Results were expressed
as mean values with standard deviations. Linear correlation
coefﬁcients (r2) were established using Pearson product moment
correlation between TPC and (i) antioxidant assay (plotted against
DPPH and ORAC values) and (ii) anti-proliferative assay (plotted
against IC50 values for Hep-G2 and HT-29). Statistical analysis was
performed in Statistica 7.1 (StatSoft Inc., Tulsa, USA) software.
ResultsSix plant extracts out of total 23 tested, namely leaves of Annona
montana, Inga edulis,  Myrciaria dubia and Theobroma grandiﬂorum;
exocarp of Mauritia ﬂexuosa and fruit without seed of Oenocar-
pus bataua showed signiﬁcant antioxidant and/or anti-proliferative
J. Tauchen et al. / Revista Brasileira de Farmacognosia 26 (2016) 728–737 731
Table  2















Anisic acid ESI+ 5.35 (0.5) 72 153.06 77.2 5 109.1 9 3.6 11.9
Apigenin ESI− 7.98 (0.6) 108 269.04 117.0 3 151.1 7 0.1 0.3
Apigenin-7-glucoside ESI+ 5.54 (0.5) 109 433.12 271.0 3 153.0 60 0.2 0.8
Caffeic  acid ESI− 3.60 (0.4) 81 179.00 89.0 30 135.1 3 2.3 7.7
Chlorogenic acid ESI− 3.01(1.0) 81 353.09 191.1 9 e e 0.6 1.9
p-Coumaric acid ESI+ 4.37 (0.5) 60 165.05 147.1 9 e e 0.9 3.0
(−)-Epicatechin ESI− 3.10  (0.5) 111 289.07 109 3 245.1 5 0.7 2.4
Ferulic acid ESI+ 4.65 (0.5) 63 195.07 145.0 3 177.0 5 1.0 3.2
Flavone ESI+ 8.80 (0.5) 119 223.10 77.2 1 121.1 25 0.2 0.8
Gallic  acid ESI− 2.43 (0.6) 75 169.01 124.9 9 169.0 5 0.7 2.2
Hesperetin ESI− 7.30 (0.5) 108 301.07 164.0 17 286.0 9 0.1 0.3
Isoquercitrin ESI− 4.87 (0.5) 150 463.09 300.3 18 271.0 42 0.4 1.2
Kaempferol EIS+ 7.55 (0.6) 161 287.06 153.0 1 69.1 3 1.1 3.6
Luteolin ESI− 7.23 (0.8) 128 285.04 133.0 33 151.0 0 0.4 1.4
Luteolin-7-glucoside ESI− 4.92 (0.6) 151 447.09 285.0 25 133.0 0 1.3 4.4
Morin  ESI+ 6.22 (0.8) 141 303.05 152.9 0 69.1 4 22.0 73.2
Myricetin ESI− 5.72 (0.8) 113 317.03 151.0 7 137.0 1 30.3 101.0
Naringenin ESI− 7.05 (0.5) 93 271.06 119.0 1 151.0 9 0.1 0.1
Naringenin-7-glucoside ESI− 4.76 (0.5) 117 433.11 271.1 0 119.0 0 0.1 0.4
Naringin ESI− 4.57 (0.5) 166 579.17 271.1 9 151.0 9 3.0 10.0
Pterostilbene ESI− 9.07 (0.5) 102 255.10 240.1 3 197.1 5 0.3 1.0
Quercetin ESI− 6.70 (0.9) 106 301.03 151.0 3 121.1 4 1.3 4.2
Quercetin-3-arabinoside ESI− 5.18 (0.5) 114 433.07 300.0 7 271.0 7 0.3 0.9
Resveratrol ESI− 5.25 (0.5) 102 227.10 143.0 5 185.1 3 0.1 0.2
Rutin  ESI− 4.69 (0.5) 163 609.14 271.0 1 300.0 5 0.3 0.9
Salicylic acid ESI− 5.22 (0.6) 72 137.02 93.1 3 65.1 9 0.5 1.8
Scopoletin ESI− 4.84 (0.5) 81 191.03 176.0 0 104.0 2 0.4 1.2
Sinapic acid ESI− 4.80 (0.4) 81 223.06 208.1 9 149.0 7 0.1 0.2
syringic acid ESI+ 3.99 (0.5) 60 199.06 140.1 3 77.2 5 0.5 1.7
Vanillic acid ESI+ 3.79 (0.5) 78 169.05 65.2 2 125.1 5 1.4 4.6



























pc Limits of detection (signal-to-noise ratio of 3).
d Limits of quantiﬁcation (signal-to-noise ratio of 10).
e Only one transition was used for detection.
ctivity (Table 3). None of the tested plants exhibited toxicity to
ormal cells. Gallic, chlorogenic, salicylic and vanillic acids, (−)-
picatechin, myricetin, quercetin and its derivatives (isoquercitrin,
uercetin-3-arabinoside and rutin) were the most predominant
onstituents in all analyzed extracts. Complete results for antiox-
dant efﬁcacy and cytotoxicity are given in Table 3, whereas for
HPLC-MS/MS analysis in Tables 4–6.
ntioxidant activity
In DPPH assay, M.  ﬂexuosa (exocarp) extract possessed higher
ntioxidant potential than positive control Trolox (1062.9 g
E/mg). The promising antioxidant efﬁcacy was also detected for
. bataua fruit, T. grandiﬂorum leaves, M.  dubia leaves and peri-
arp (903.8, 714.8, 641.9, and 440.9 g TE/mg, respectively). Other
xtracts showed only weak to moderate free radical scaveng-
ng ability (range 0.2–337.0 g TE/mg). In ORAC assay, O. bataua
ruits showed highest antioxidant activity (1024.4 g TE/mg), being
tronger than Trolox. Leaf extracts of T. grandiﬂorum, I. edulis and
. dubia; extracts of M. ﬂexuosa exocarp and I. edulis pericarp, also
howed promising results with g TE/mg values at 821.9, 795.7,
42.6, 645.9 and 645.7, respectively. The rest of the tested plants
howed weak to moderate efﬁcacy (from 10.7 to 613.3 g TE/mg).
ighest content of phenolic compounds (TPC assay) was observed
n O. bataua fruit, M.  ﬂexuosa (exocarp), T. grandiﬂorum (leaves) and
.  dubia (leaves and pericarp) with values at 672.3, 461.5, 400.6 and
42.0 g GAE/mg, respectively (Table 3). The rest of plant extracts
ested exhibited only low to moderate quantities of phenolic com-
ounds (range 3.6–266.4 g GAE/mg). Strong correlation was foundbetween TPC and both antioxidant assays used: DPPH (r = 0.946)
and ORAC (r = 0.899).
Cell viability assay
A. montana (leaves) demonstrated to be the plant extract with
the most-promising anti-proliferative effect to Hep-G2 cell line
(IC50 = 2.7 g/ml), followed by extracts of I. edulis (leaves), O.
bataua (fruit), M. dubia (pericarp, leaves), T. grandiﬂorum (leaves)
and I. edulis (seed) (IC50’s at 36.3, 102.6, 124.0, 149.5, 140.4 and
179.1 g/ml, respectively). The other samples exhibited very low
anti-proliferative activity to carcinoma cells with IC50 values higher
than 500 g/ml. In tests performed on HT-29 cell line, leaves of
A. montana proved again to be the most-effective plant extract,
with IC50 value at 9 g/ml, followed by extracts of O. bataua fruit,
leaves of Bertholletia excelsa,  T. grandiﬂorum, I. edulis, Theobroma
cacao and pericarp of T. grandiﬂorum: IC50’s at 38.8, 41.3, 46.5,
57.9, 82.6, and 83.9 g/ml, respectively. The other plants possessed
IC50 values in a range of 137.6–294.0 g/ml or exhibited non-toxic
effect (IC50 > 500 g/ml). Toxicity assessment on normal MRC-5
cells revealed all plant extracts to be non-toxic (IC50 > 500 g/ml)
(Table 3). Weak correlation was  found between phenolic content
and cell viability assays, whereas correlation coefﬁcients of TPC vs.
IC50’s for Hep-G2 and HT-29 were 0.050 and 0.230, respectively.UHPLC–MS/MS analysis
With regard to quantity of phenolic compounds identiﬁed
by UHPLC-MS/MS in individual species, the highest amount was
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Table  3
Total phenolic content, antioxidant and anti-proliferative activity of tested plant extracts.
Species Plant part(s)a Antioxidant assay/mean ± SDb Cell type/mean IC50 ± SDb
DPPHc ORACc TPCd Hep-G2e HT-29e MRC-5e
A. montana L 186.9 ± 16.7 608.3 ± 18.8 196.8 ± 10.7 2.7 ± 0.2 9.0 ± 1.3 >500
B.  excelsa L 258.8 ± 6.4 613.3 ± 26.8 266.4 ± 14.1 >500 41.3 ± 3.4 >500
B.  armeniaca P 1.5 ± 0.1 10.7 ± 1.0 6.5 ± 0.7 >500 >500 >500
S  0.2 27.3 ± 2.6 3.6 ± 0.7 >500 >500 >500
G.  americana FW 20.6 ± 4.7 113.9 ± 4.7 28.0 ± 2.2 >500 >500 >500
I.  edulis A 21.2 ± 3.2 69.9 ± 3.9 20.8 ± 1.8 >500 >500 >500
L  337.0 ± 26.3 795.7 ± 25.4 262.3 ± 11.8 36.3 ± 15.7 57.9 ± 2.1 >500
P  288.0 ± 8.8 645.7 ± 33.9 207.2 ± 13.8 >500 190.9 ± 1.1 >500
S  7.9 ± 0.5 51.5 ± 2.8 17.2 ± 3.3 179.1 ± 13.7 148.5 ± 41.7 >500
M.  ﬂexuosa E 1062.9 ± 163.9 645.9 ± 51.4 461.5 ± 32.5 >500 >500 >500
M  130.8 ± 15.4 244.5 ± 7.5 87.0 ± 3.9 >500 262.6 ± 2.2 >500
M.  dubia L 641.9 ± 127.9 642.6 ± 32.7 342.0 ± 18.7 149.5 ± 23.8 >500 >500
P  440.9 ± 62.7 333.0 ± 21.6 275.8 ± 13.2 124.0 ± 12.3 >500 >500
O.  bataua FO 903.8 ± 158.1 1024.4 ± 69.3 672.3 ± 46.9 102.6 ± 4.2 38.8 ± 5.4 >500
S.  sessiliﬂorum FW 8.8 ± 1.2 88.9 ± 6.0 18.1 ± 2.0 >500 >500 >500
T.  bicolor A + S 107.4 ± 13.6 243.0 ± 20.7 102.9 ± 4.3 >500 294.0 ± 34.9 >500
P  152.4 ± 3.8 217.9 ± 16.8 104.9 ± 4.7 388.5 ± 22.2 156.8 ± 11.4 >500
T.  cacao A + S 329.9 ± 59.5 587.3 ± 48.8 217.2 ± 5.5 407.8 ± 4.6 137.6 ± 12.0 >500
L  152.2 ± 7.5 542.7 ± 23.1 149.8 ± 4.4 >500 82.6 ± 5.5 >500
P  51.6 ± 6.1 179.7 ± 12.3 49.4 ± 3.6 >500 >500 >500
T.  grandiﬂorum A 25.9 ± 4.2 145.5 ± 9.5 57.6 ± 3.2 >500 >500 >500
L  714.8 ± 111.3 821.9 ± 65.6 400.6 ± 25.9 140.4 ± 3.0 46.5 ± 0.2 >500
P  188.2 ± 10.9 434.9 ± 38.8 163.0 ± 8.1 218.6 ± 26.2 83.9 ± 0.7 >500
A, aril; E, exocarp; FO, fruit without seed; FW,  whole fruit; M,  mesocarp; L, leaves; P, pericarp; S, seed.


































d g GAE/mg extract.
e g/ml.
videnced in M.  ﬂexuosa (exocarp) and Solanum sessiliﬂorum with
alues of 0.003% of dry weight. Noticeable results were also
bserved for M.  ﬂexuosa (mesocarp), pericarps of T. bicolor and T.
randiﬂorum, O. bataua (fruit without seed), and leaves of I. edulis,
hose phenolic compound content in dry weight was  detected
t 0.002%. Remaining species had 0.001% or lower percentages of
henolic compounds on a dry weight basis.
Predominant constituents identiﬁed in M.  ﬂexuosa (exocarp) and
. sessiliﬂorum, which are expressed as percentage of phenolic com-
ounds quantity, were chlorogenic acid, rutin and isoquercitrin (36,
3, and 23% for M.  ﬂexuosa and 50, 12, and 16% for S. sessiliﬂorum,
espectively). Similar to the exocarp of M.  ﬂexuosa, its mesocarp
redominantly contained chlorogenic acid, rutin and isoquercitrin,
lthough in slightly different ratios (48, 19, and 27%, respectively);
−)-epicatechin (31%) and chlorogenic acid (27%) were regarded as
rincipal constituents in pericarp of T. bicolor,  while isoquercitrin
42%), quercetin-3-O-arabinoside (22%), (−)-epicatechin (15%) and
anillic acid (14%) were most in evidence in pericarp of T. grandiﬂo-
um. Fruit without seed of O. bataua showed relatively high levels of
picatechin (45%), chlorogenic acid (12%) and isoquercitrin (11%).
eaves of I. edulis were shown to be mostly composed of myricetin
21%), isoquercitrin (21%) and salicylic acid (13%) (Tables 4–6).
iscussion
In this study, we investigated potential of Peruvian edible and
edicinal plants for elimination of oxidative stress-related diseases
sing innovative approach based on determination of their com-
inatory antioxidant and anti-proliferative effects (Tauchen et al.,
015). As a result of our experiments, O. bataua and I. edulis pos-
essed the best antioxidant/anti-proliferative properties. Although
revious studies on chemistry of O. bataua have suggested high
ontents of anthocyanins (Rezaire et al., 2014), a compounds known
o produce antioxidant and anticancer activity (Prior and Wu,
006; Wang and Stoner, 2008), this is the ﬁrst report on combinedantioxidant and anti-proliferative effects of this plant. In contrast
to earlier demonstrated relatively low cytotoxic efﬁcacy of I. edulis
towards various carcinoma cell lines (UACC-62, MCF-7, 786-O,
NCI-460, PCO-3, OVCAR-03, HT-29 and K-562) including multidrug-
resistant variants (NCI-ADR) (Pompeu et al., 2012), we recorded
moderate anti-proliferative activity against Hep-G2 and HT-29 cells
of this plant. Differences between results of these experiments can
be caused by dissimilar response of cancer cells to active com-
pounds present in I. edulis as it has previously been observed for
various classes of natural compounds (Sak, 2014). Since the kojic
acid, recently found in leaves of I. edulis (Tchuenmogne et al., 2013),
have exerted signiﬁcant antioxidant as well as anti-proliferative
activities (Novotny et al., 1999; Kusumawati and Indrayanto, 2013)
it might considerably contribute to combined biological effect of
the plant.
The most-interesting results regarding selectivity of anti-
proliferative effect towards carcinoma and normal cells were
observed for A. montana. Despite the existence of records on anti-
proliferative efﬁcacy of various Annonaceous species (such as A.
muricata, A. squamosa or A. reticulata) (Barbalho et al., 2012), the
cytotoxicity has not previously been recorded for A. montana.
Acetogenins are regarded as being chieﬂy responsible for promi-
nent anticancer effect of Annonaceous species (Smith et al., 2014).
Hence, supposedly these constituents are also responsible for the
cytotoxic effect of A. montana observed in this study. Contrary to the
fact that our results suggests A. montana extract to be safe, a study of
Potts et al. (2012) describes present acetogenins (e.g.  annonacin) as
the induction factor for neurotoxicity. Additional studies regarding
toxicological proﬁle of this plant and its constituents are thus
required. Low correlation between TPC and anti-proliferative activ-
ity in the rest of tested plant extracts, as well as similar ﬁndings in
literature (Yang et al., 2009), suggest only partial responsibility of
phenolic compounds for anticancer effect.
Among the plant species tested in this study, I. edulis, M.  dubia,


















Concentrations of phenolic acids in tested plant extracts.
Species Plant part(s)a Compound (ng/g DW)b,c
Anisic acid Caffeic acid Chlorogenic acid p-Coumaric acid Ferulic acid Gallic acid Salicylic acid Sinapic acid Syringic acid Vanillic acid
A. montana L 116.3 ± 3.0 115.7 ± 4.3 267.1 ± 9.6 153.4 ± 4.2 81.8 ± 2.4 253.2 ± 1.4 64.3 ± 0.6 17.7 ± 0.5 94.2 ± 2.7 317.7 ± 7.2
B.  excelsa L 35.3 ± 0.7 25.5 ± 0.4 45.6 ± 2.3 391.5 ± 7.0 84.5 ± 1.5 3929.8 ± 25.4 665.9 ± 0.1 35.4 ± 1.1 123.9 ± 1.0 183.6 ± 5.4
B.  armeniaca P ND <LOQ 65.4 ± 3.1 48.1 ± 0.3 10.6 ± 0.0 ND 37.1 ± 0.4 1.6 ± 0.0 43.9 ± 1.0 37.2 ± 0.5
S  ND ND <LOQ 25.3 ± 0.6 22.7 ± 0.3 ND 16.2 ± 0.3 ND ND ND
G.  americana FW 197.5 ± 2.4 46.9 ± 1.1 ND 56.1 ± 1.8 591.2 ± 5.4 ND 104.2 ± 0.1 155.6 ± 3.4 87.7 ± 2.2 6642.9 ± 86.1
I.  edulis A ND <LOQ 16.8 ± 0.9 33.6 ± 0.7 19.5 ± 0.5 647.5 ± 11.1 681.7 ± 5.2 26.8 ± 0.6 18.6 ± 0.4 43.9 ± 1.1
L  ND 46.7 ± 2.0 ND 272.8 ± 0.4 32.1 ± 0.4 829.5 ± 3.5 2158.9 ± 2.5 17.8 ± 0.6 107.1 ± 2.2 1270.1 ± 29.6
P  ND <LOQ 5.7 ± 0.3 60.4 ± 1.4 15.0 ± 0.1 789.0 ± 19.3 1985.2 ± 4.1 1.0 ± 0.0 47.9 ± 1.9 456.7 ± 10.3
S  ND <LOQ <LOQ 42.0 ± 1.2 277.8 ± 8.6 62.4 ± 1.1 43.1 ± 0.9 66.1 ± 0.4 16.9 ± 0.5 87.1 ± 2.1
M.  ﬂexuosa E <LOQ 162.7 ± 4.9 11,767.9 ± 75.0 52.3 ± 0.5 98.9 ± 2.9 159.0 ± 0.9 13.9 ± 0.1 188.0 ± 1.4 177.3 ± 6.4 390.5 ± 7.9
M  ND 53.8 ± 1.8 10,354.6 ± 73.5 58.8 ± 1.6 93.4 ± 3.5 61.7 ± 1.0 16.5 ± 0.1 347.3 ± 3.4 48.6 ± 1.5 115.1 ± 2.1
M.  dubia L 37.6 ± 0.3 <LOQ 66.3 ± 0.1 159.9 ± 5.8 <LOQ 4087.7 ± 10.1 111.8 ± 0.8 5.2 ± 0.1 82.9 ± 1.2 108.0 ± 1.4
P  <LOQ <LOQ 15.3 ± 0.4 165.2 ± 5.1 19.0 ± 0.1 163.8 ± 4.1 51.3 ± 1.3 ND 10.7 ± 0.1 38.3 ± 3.1
O.  bataua FO ND 256.3 ± 8.1 2324.7 ± 45.2 501.8 ± 14.7 351.6 ± 1.2 15.4 ± 0.4 39.6 ± 0.1 52.2 ± 0.5 704.2 ± 4.1 980.1 ± 24.0
S.  sessiliﬂorum FW ND 235.4 ± 5.3 15,066.5 ± 106.2 295.0 ± 7.2 99.6 ± 1.1 ND 432.8 ± 3.6 103.0 ± 2.6 24.1 ± 0.3 59.8 ± 1.2
T.  bicolor A + S 49.1 ± 0.9 23.8 ± 0.3 ND 47.9 ± 1.0 34.7 ± 0.6 ND 153.8 ± 4.3 134.7 ± 3.0 166.7 ± 4.5 261.7 ± 6.8
P  36.6 ± 0.5 59.1 ± 0.7 5318.4 ± 29.1 100.0 ± 3.3 178.1 ± 2.3 15.3 ± 1.0 51.9 ± 1.2 90.9 ± 1.5 165.7 ± 3.8 1066.3 ± 31.7
T.  cacao A + S 20.9 ± 0.8 42.6 ± 1.0 <LOQ 22.6 ± 0.3 8.5 ± 0.0 <LOQ 13.5 ± 0.1 1.0 ± 0.0 7.2 ± 0.1 121.1 ± 2.0
L  ND 180.9 ± 4.9 6678.4 ± 38.5 748.0 ± 15.7 198.1 ± 5.1 6.1 ± 0.3 350.6 ± 1.3 274.7 ± 8.2 170.1 ± 3.8 593.6 ± 8.5
P  ND 66.3 ± 2.0 <LOQ 29.5 ± 1.2 620.0 ± 11.7 <LOQ 53.8 ± 0.2 87.3 ± 2.7 54.7 ± 1.5 307.6 ± 5.9
T.  grandiﬂorum A 20.2 ± 0.7 <LOQ 9.5 ± 0.8 112.0 ± 2.6 52.5 ± 1.0 8.4 ± 0.9 146.3. ± 1.5 3.7 ± 0.1 240.5 ± 7.9 1179.8 ± 25.5
L  <LOQ 27.9 ± 0.7 8.7 ± 0.4 142.6 ± 3.3 54.7 ± 0.5 28.2 ± 1.0 1853.9 ± 1.8 102.7 ± 2.3 379.9 ± 6.4 948.1 ± 9.8
P  ND <LOQ 16.9 ± 0.8 148.8 ± 3.9 76.8 ± 0.2 6.7 ± 0.2 121.6 ± 0.4 13.1 ± 0.2 497.5 ± 0.7 2723.8 ± 36.9
A, aril; E, exocarp; FO, fruit without seed; FW,  whole fruit; M, mesocarp; L, leaves; P, pericarp; S, seed.
a Abbreviation refers to plant part(s).
b ND, compound not detected.


















Concentrations of ﬂavonoids in tested plant extracts.
Species Plant part(s)a Compound (ng/g DW)b,c
Apigenin (−)-Epicatechin Flavone Hesperetin Kaempferol Luteolin Morin Myricetin Naringenin Quercetin
A. montana L ND 602.2 ± 4.9 ND ND 54.8 ± 1.1 <LOQ ND 473.4 ± 0.7 <LOQ 55.3 ± 0.6
B.  excelsa L <LOQ 137.1 ± 3.9 ND ND 271.9 ± 7.7 <LOQ <LOQ 500.0 ± 2.3 5.7 ± 0.0 293.3 ± 0.3
B.  armeniaca P ND 11.5 ± 0.4 ND 2.0 ± 0.1 <LOQ <LOQ ND ND 1.6 ± 0.0 12.8 ± 0.2
S  ND 9.8 ± 0.3 ND ND ND ND ND ND ND ND
G.  americana FW <LOQ 126.3 ± 3.8 ND 1.5 ± 0.0 34.3 ± 0.1 <LOQ ND ND 1.6 ± 0.1 29.2 ± 0.8
I.  edulis A 32.6 ± 0.4 1284.7 ± 24.9 ND ND <LOQ 167.6 ± 1.9 ND ND 0.6 ± 0.0 127.9 ± 2.5
L  18.4 ± 0.0 298.3 ± 9.9 ND ND 32.2 ± 0.6 692.1 ± 19.3 ND 3593.1 ± 29.5 1.2 ± 0.0 934.0 ± 8.5
P  7.7 ± 0.2 2229.3 ± 22.4 ND 1.4 ± 0.0 ND 600.4 ± 5.2 ND ND 1.6 ± 0.0 153.8 ± 1.6
S  16.5 ± 0.1 14.1 ± 0.9 ND ND 51.5 ± 1.4 281.5 ± 8.3 ND 569.7 ± 1.4 0.3 ± 0.0 134.4 ± 5.3
M.  ﬂexuosa E 528.6 ± 0.4 228.8 ± 7.5 ND 8.7 ± 0.1 158.6 ± 3.7 477.8 ± 3.2 454.2 ± 1.2 471.2 ± 0.0 171.0 ± 2.6 252.6 ± 4.9
M  15.0 ± 0.1 186.1 ± 6.7 ND <LOQ ND 5.5 ± 0.1 ND ND 7.1 ± 0.1 32.7 ± 0.5
M.  dubia L ND <LOQ ND ND 247.2 ± 3.5 ND ND 1147.8 ± 8.0 8.7 ± 0.3 375.9 ± 8.9
P  ND ND 6.0 ± 0.2 ND 27.7 ± 0.7 ND ND 1010.4 ± 2.3 0.7 ± 0.0 161.9 ± 1.1
O.  bataua FO 54.4 ± 0.4 8628.5 ± 36.8 ND 2.4 ± 0.1 82.3 ± 2.7 30.9 ± 0.2 ND 473.7 ± 0.7 21.9 ± 0.1 687.2 ± 8.3
S.  sessiliﬂorum FW 7.1 ± 0.0 ND ND ND 302.0 ± 8.9 9.2 ± 0.1 ND ND 1449.8 ± 17.0 124.0 ± 2.2
T.  bicolor A + S ND 6495.1 ± 7.4 ND 0.7 ± 0.0 16.4 ± 0.3 7.3 ± 0.6 ND 6282.9 ± 38.8 4.2 ± 0.2 358.4 ± 3.5
P  1.2 ± 0.0 6055.4 ± 46.3 ND 7.9 ± 0.0 60.1 ± 0.6 24.9 ± 0.5 ND 597.6 ± 4.5 440.8 ± 2.2 343.9 ± 4.0
T.  cacao A + S <LOQ 6672.0 ± 51.1 ND ND 9.4 ± 0.0 62.4 ± 0.8 ND <LOQ 14.0 ± 0.3 948.0 ± 4.9
L  29.5 ± 0.3 4128.6 ± 36.8 ND ND <LOQ 88.6 ± 0.5 ND ND ND 21.7 ± 0.1
P  21.3 ± 0.1 1324.1 ± 58.5 ND <LOQ <LOQ 194.6 ± 2.2 ND ND 5.5 ± 0.0 30.5 ± 0.1
T.  grandiﬂorum A 3.1 ± 0.2 3635.7 ± 23.0 ND ND 33.7 ± 0.1 266.4 ± 7.7 ND 471.2 ± 0.1 7.7 ± 0.2 134.6 ± 3.3
L  1.9 ± 0.0 1100.7 ± 15.0 ND <LOQ 844.8 ± 0.8 128.7 ± 3.0 ND 474.7 ± 0.0 4.9 ± 0.1 1011.8 ± 1.7
P  <LOQ 2905.7 ± 37.4 ND ND 44.8 ± 0.1 <LOQ ND ND 8.4 ± 0.1 296.6 ± 0.0
A, aril; E, exocarp; FO, fruit without seed; FW,  whole fruit; M, mesocarp; L, leaves; P, pericarp; S, seed.
a Abbreviation refers to plant part(s).
b ND, compound not detected.


















Concentrations of ﬂavonoid derivatives, stilbenes and other phenolic compounds in tested plant extracts.









Naringin Isoquercitrin Rutin Pterostilbene Resveratrol Scopoletin
A. montana L 2.0 ± 0.0 22.2 ± 0.6 1.2 ± 0.1 2.6 ± 0.0 ND 1486.8 ± 21.0 8086.8 ± 92.4 ND ND <LOQ
B.  excelsa L 8.7 ± 0.1 <LOQ 2.5 ± 0.0 603.9 ± 5.7 ND 4156.2 ± 46.5 3007.1 ± 43.0 ND 1.9 ± 0.0 ND
B.  armeniaca P ND ND 11.0 ± 0.0 2.3 ± 0.0 ND 1112.7 ± 3.0 7024.2 ± 52.1 2.4 ± 0.0 0.6 ± 0.0 <LOQ
S  ND ND 2.5 ± 0.0 <LOQ ND <LOQ 8.1 ± 0.1 ND ND ND
G.  americana FW <LOQ ND 1.5 ± 0.1 23.3 ± 0.1 28.1 ± 0.6 378.7 ± 2.0 3046.7 ± 0.3 2.5 ± 0.0 <LOQ <LOQ
I.  edulis A 22.5 ± 0.4 49.6 ± 0.7 7.1 ± 0.1 2386.0 ± 37.2 ND 6241.1 ± 2.5 849.8 ± 4.5 2.5 ± 0.0 ND <LOQ
L  121.0 ± 1.5 416.5 ± 7.4 1.9 ± 0.1 1588.6 ± 28.0 36.8 ± 0.8 3478.6 ± 59.4 838.7 ± 6.1 ND 4.5 ± 0.1 6.4 ± 0.0
P  35.2 ± 0.4 132.8 ± 2.2 7.9 ± 0.1 848.3 ± 9.4 ND 2892.0 ± 4.9 81.2 ± 0.8 2.4 ± 0.0 <LOQ 4.1 ± 0.1
S  195.9 ± 2.8 310.0 ± 3.6 4.4 ± 0.1 20.2 ± 0.0 ND 458.2 ± 5.0 90.2 ± 1.4 ND ND ND
M.  ﬂexuosa E 333.6 ± 9.5 501.5 ± 1.3 45.9 ± 0.9 70.0 ± 2.3 85.9 ± 2.5 7417.6 ± 22.2 7435.8 ± 70.8 184.3 ± 0.7 590.1 ± 13.8 ND
M  20.8 ± 0.1 54.4 ± 0.1 30.3 ± 0.3 28.2 ± 0.6 <LOQ 5858.6 ± 80.0 3998.2 ± 106.2 5.8 ± 0.0 6.5 ± 0.1 ND
M.  dubia L <LOQ ND 11.2 ± 0.0 1392.0 ± 3.9 ND 3345.6 ± 2.5 ND ND 1.9 ± 0.1 ND
P  ND ND 2.1 ± 0.1 124.0 ± 2.7 ND 170.3 ± 1.5 ND ND <LOQ ND
O.  bataua FO 68.9 ± 0.4 14.2 ± 0.1 5.0 ± 0.0 <LOQ ND 2128.0 ± 16.5 650.6 ± 4.7 39.1 ± 0.8 907.3 ± 15.3 ND
S.  sessiliﬂorum FW 26.9 ± 0.1 35.0 ± 1.0 3186.4 ± 35.1 76.6 ± 2.9 ND 4823.8 ± 5.1 3659.3 ± 87.3 ND <LOQ 21.1 ± 0.0
T.  bicolor A + S ND ND 1.6 ± 0.1 54.0 ± 1.5 ND 695.5 ± 6.1 7.3 ± 0.2 ND 8.2 ± 0.1 84.3 ± 0.7
P  <LOQ 12.3 ± 0.3 437.3 ± 5.2 90.2 ± 1.5 198.2 ± 9.6 2064.9 ± 5.0 1936.1 ± 2.5 2.6 ± 0.8 7.5 ± 0.1 384.9 ± 9.4
T.  cacao A + S 3.3 ± 0.0 71.3 ± 2.6 15.4 ± 0.0 3269.1 ± 85.9 <LOQ 10,259.3 ± 2.6 2.4 ± 0.1 <LOQ 1.5 ± 0.0 <LOQ
L  747.9 ± 4.3 1239.8 ± 2.2 5.1 ± 0.2 281.5 ± 2.1 <LOQ 917.4 ± 6.6 <LOQ ND <LOQ 3.2 ± 0.0
P  69.7 ± 0.6 295.6 ± 0.7 7.6 ± 0.1 298.9 ± 5.4 <LOQ 360.1 ± 7.5 2.9 ± 0.1 ND <LOQ ND
T.  grandiﬂorum A 10.2 ± 0.1 29.8 ± 0.6 2.7 ± 0.0 285.1 ± 3.2 40.8 ± 1.0 1753.9 ± 17.8 44.7 ± 0.7 ND 1.1 ± 0.0 35.3 ± 0.4
L  2.5 ± 0.1 <LOQ <LOQ 422.3 ± 6.4 <LOQ 2474.5 ± 13.1 255.4 ± 5.8 ND 1.6 ± 0.0 82.5 ± 0.9
P  ND ND 7.2 ± 0.1 4184.2 ± 17.0 114.1 ± 0.1 8149.4 ± 2.4 25.6 ± 0.9 2.6 ± 0.1 0.7 ± 0.0 46.5 ± 0.3
A, aril; E, exocarp; FO, fruit without seed; FW,  whole fruit; M, mesocarp; L, leaves; P, pericarp; S, seed.
a Abbreviation refers to plant part(s).
b ND, compound not detected.
c <LOQ, compound presented in sample under limit of quantiﬁcation.
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he most effective antioxidants. Despite the existence of previ-
us records on antioxidant effect of these species (Souza et al.,
008; Fracassetti et al., 2013; Koolen et al., 2013; Pugliese et al.,
013; Rezaire et al., 2014), to our best knowledge, majority of these
ere not using ORAC assay, regarded as one of the most biolog-
cal relevant methods to determine antioxidant activity in vitro
MacDonald-Wicks et al., 2006). Our results from phytochemical
nd statistical analyses suggested phenolics to be major con-
tituents responsible for the observed antioxidant effect of all ﬁve
bove-mentioned species that is corresponding with earlier pub-
ished studies (De Sousa Dias et al., 2010; Fracassetti et al., 2013;
ugliese et al., 2013; Bataglion et al., 2014; Rezaire et al., 2014).
onclusion
The current study provides novel information on in vitro antiox-
dant activity and/or anti-proliferative activity of six plant species,
amely A. montana, I. edulis,  M.  dubia, M.  ﬂexuosa, O. bataua and T.
randiﬂorum. None of the tested extracts exerted signiﬁcant tox-
city towards normal MRC-5 cells, pointing their relative safety.
e conclude that the above-noted plant extracts could serve as
rospective material for further development of novel plant-based
ntioxidant and/or anti-proliferative agents. Particularly O. bataua
nd I. edulis,  the only extracts exhibiting combinatory antioxi-
ant and anti-proliferative efﬁcacy in this study, deserve deeper
esearch attention. Detailed analysis of their chemical composition
nd in vivo antioxidant/anti-proliferative activity should be carried
ut in order to verify their potential practical use.
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